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Study on thickness increasing process during reduction process of steel pipes 
 
In recent years, global warming has become a worldwide issue, and various efforts have been 
made to reduce greenhouse gas in Japan as well as around the world to mitigate its effect. Currently, 
about 20% of total carbon dioxide emissions are discharged from automobiles, so reducing carbon 
dioxide emissions has become an important issue. Car manufacturers have been developing 
technology to improve fuel consumption, in domestic as well as foreign competition. Measures to 
improve fuel efficiency include developing highly efficient engines and weight reduction. Weight 
reduction can produce a virtuous circle by reducing the burden of the engine and transmission 
through weight reduction for manufacturing car components. Weight reduction technology is thus a 
very effective method for improving fuel efficiency. Generally, it is very difficult for manufacturers 
to reduce component weight and replace materials, especially for the drive system that requires high 
strength as well as rigidity. Hollow manufacturing is considered an effective method for reducing 
product weight while maintaining desired mechanical properties. 
  Swaging and spinning are popular methods of manufacturing car drive system components 
but have difficulties in production cost due to their production rate. This research focuses on 
increasing steel pipe thickness using uniaxial pressing due to its priority in practical production. 
There are not so many research papers about increasing steel pipe thickness during reduction, 
although there are some papers about increasing thickness of thin steel pipe during forming. In this 
paper, a 21.3% pipe reduction rate, a 33% weight reduction compared to solid shaft parts, and an 
8.0% thickness increase rate were selected as milestones in practical production. 
  First, a single-stage uniaxial pressing experiment was performed. It was found that the thickness 
increase ratio increases with an increase of reduction ratio, however when the forming load exceeds 
the limit, the pipe buckled. The limit of reduction is decided by the buckling load. The maximum 
reduction rate was 15%, and the thickness increase was 8.0%. As a result, the targeted thickness 
increase could be realized, but the targeted reduction rate could not. This paper employed a 
finite-element simulation and an experimental method to improve both the thickness increase rate 
and reduction rate. 
  Next, to improve the reduction rate beyond that achieved in single-stage uniaxial pressing, a 
two-stage forming process that includes a re-reduction process as a second process was investigated 
by experiments and simulation. We concluded that two-stage forming could possibly achieve the 
targeted reduction rate. When the reduction rate in the first stage is less than 11%, the pipe thickness 
increases in the second-stage reduction process. However, when the reduction rate in the first stage 
exceeds 11%, the pipe thickness decreases in the second stage reduction process, which is an 
interesting phenomenon in this two-stage forming process. We also clarified that the final thickness 
increase rate was 11%, which is the minimum value. A 4.0% thickness increase was obtained in the 
second reduction process although a 8.0% thickness increase was obtained after first reduction 
process in the case of two stage reduction process. Therefore the targeted thickness increase rate 
was not achieved. Further improvement in the thickness increase rate and the reduction rate will be 
necessary in the two-stage reduction process. 
  Finally, we performed finite-element simulation of single-stage forming to enhance the thickness 
increase rate. Experiment parameters which will effect on thickness increasing rate were investigate. 
From the simulation, the back pressure yielded a better thickness increase rate (3.7%), 
low-frequency vibration during pressing produces a 0.5% thickness increase rate. Furthermore, the 
reduction angle, die radius, die guide length, and high-frequency vibration did not affect forming in 
in the experiments.  
  A two-stage process with back pressure in the second process that can improve the thickness 
increase rate was investigated by simulation.  Applying a back pressure in the second stage yielded 
a better increase rate without deceases in pipe thickness. It was demonstrated that the targeted 
values in reduction and thickness increase rate could be achieved, and that the targeted component 
weight reduction could be realized.  
The proposed thickness increasing method by uniaxial pressing reduction of steel pipes is an 
innovative process because manufacturers can thicken the pipe wall in the desired position using 
simple uniaxial pressing. Also, the proposed technology could be applied outside automotive 
industries. The proposed thickness increasing method definitely contributes to the practical 
application of weight reduction technology for hollow pipes, and the research result can contribute 
to innovative lightweight technology. This thesis can thus be considered to contribute to the 
development of engineering. 
 
 
 
 
 
 
 
